Based on ultraviolet spectral net analyte signals, this research has studied the determination of the two effective components, sulfamethoxazole (SMZ) and trimethoprim (TMP), contained in compound sulfamethoxazole tablets in acid environment. The linear ranges of SMZ and TMP were 0.48 -7.84 μg/ml (the regression correlation coefficient r = 0.9981) and 0.12 -1.5 μg/ml (r = 0.9986), the corresponding average recoveries were 99.5 and 101.0%, respectively, and the relative standard deviations were 1.87 and 3.60%, respectively. The method was simple, fast and accurate. A circulation release system for the determination of the tablet release degree has been built, and the on-line filtering and small-volume sampling could thus be carried out. Thanks to the combination of the circulation release system and the determination method of SMZ and TMP in acid environment, the determination of release degree for compound sulfamethoxazole tablets was fast and accurate, especially for the early time of rapid release.
Introduction
Compound sulfamethoxazole tablets are the compound preparation of the two effective components sulfamethoxazole (SMZ) and trimethoprim (TMP). Because the ultraviolet absorption spectra of the two components overlap each other, direct determination by using ultraviolet spectrophotometry is difficult. 1 The multivariate analysis-based multi-wavelength analytical techniques and the dual-wavelength analysis, such as partial least squares method 2 and dual-wavelength method, 3,4 can directly determine the contents of the components of interest contained in the mixture and can avoid separation steps in the analytical procedures. Thus, the good selectivity of these methods has appeared. The multivariate analytical method is the multi-variable regression for many wavelengths. Thus, the analytical accuracy greatly depends on the vector information determined by the absorptions measured in many wavelengths or wavelength ranges. For the dual-wavelength analytical method, high wavelength accuracy of the ultraviolet spectrophotometer is also required. The net analyte signal-based (NAS) method relies on the scalar information of NAS determined by the measuring signals in many wavelengths. Such technique could eliminate the interference to the measured component caused by the spectral overlapping between the measured component and the interferents. 5 Thus the NAS method has been widely applied in pharmaceutical analysis. [6] [7] [8] [9] [10] It has some advantages of both the multivariate analysis and the dual-wavelength method, and could establish the regression equation of the measured component concentration for one variable (i.e. NAS variable), which could weaken the dependence of concentration on the measuring signal at an individual wavelength.
In acid environment, the NAS determination method of the two effective components SMZ and TMP contained in compound sulfamethoxazole tablets will benefit the research of pharmacokinetics, especially the fast determination during the early time of drug metabolism. Certainly, the signals are weaker in acid environment than in the basic one used by most researchers, [6] [7] [8] [9] [10] which is a disadvantage in the accurate determination. Based on the NAS of ultraviolet spectra, this paper will study a fast and accurate simultaneous determination method of the two effective components SMZ and TMP contained in compound sulfamethoxazole tablets in acid environment.
According to the government standard of China, one should use 0.1 mol/l HCl as simulated gastric fluid in the determinations of release degree for tablets; thus, the release experiments are all carried out in the strong acid environment, i.e. the release systems must be the acid ones. [11] [12] [13] If SMZ and TMP can be determined simultaneously in an acid environment which is the same as the release system, the determination method of the release degree for the drug tablet will be simplified. Such results will be helpful in developing an on-line or fast version of the release degree. In order to satisfy the requirement of fast determination, this paper will establish a circulation release system with the on-line filtering and small-volume sampling, which has weaker disturbance for the release system and makes the predicted results more accurate. At the same time, this paper will study the combination of the circulation release system and the determination method of SMZ and TMP in acid environment to determine the release degree of this tablet. Such results will make the determination of the release degree of compound sulfamethoxazole tablet, especially in the early time of release, be faster and more accurate.
Basic Principle of Ultraviolet Spectral Net Analyte Signal Method
The NAS vector is the only analyte signal of the component of interest that is orthogonal to the space spanned by the analyte vectors of all interferent components, 5 that is, for the determination of compound preparation by using ultraviolet spectra, the spectral NAS vector for the analyzed drug component should be orthogonal to the spectral space spanned by the other drug component spectral vectors and the adjuvant ones. Therefore, the spectral NAS method can eliminate the interference to the analyzed component. Since the Euclid-norm of the NAS vector is in a direct ratio to the corresponding analyzed component concentration, the concentration of the analyzed drug component can be measured. If there are n components in compound preparation including effective components and adjuvant ones, in which the pure spectra are r1, r2, …, and rn, the spectral NAS vector rk net of the analyte k is as follows:
where r is the adsorption spectral profile of a given drug sample, I is an identity matrix, S-k is the spectral space spanned by the adsorption spectral profiles of all other components except k, i.e. S-k = span(r1, …, rk-1, rk+1, …, rn), (S-k) + is the pseudo-inverse of S-k, and then [I -S-k(S-k) + ] is the projection matrix of all other components except k. Because the NAS vector rk net does not contain the interference spectral vectors, it can be replaced by the scalar form without loss of any useful information. The Euclid-norm norm(rk net ) of the NAS vector is in direct proportion to the concentration of the corresponding analyzed component, i.e.
norm(rk
Here, ck is the concentration of the analyzed component k, and k1 and k0 are constants. So, this paper will establish the spectral NAS method (Eqs. (1) and (2)) to quickly, simply and simultaneously determine the contents of the two effective components, SMZ and TMP, contained in compound sulfamethoxazole tablets. The fast determination of its release degree will be carried out in an acid environment. 
Experimental

Apparatus and reagents
The preparation of solution
We weighed 0.00800 g sulfamethoxazole standard, 0.00200 g trimethoprim standard and the adjuvant samples according to the pharmaceutical formulation, which have been dried to constant weight, into three 100-ml-volumetric flasks separately. We added 4.00 ml of 95% alcohol to each one, and dissolved these samples with the help of ultrasonic waves. We diluted these samples with 0.1 mol/l HCl to 100 ml and mixed them well. The aforementioned SMZ and TMP solutions were used as the stock solutions. We filtered the aforementioned adjuvant solution through a 0.8-μm micropore membrane, took 6.25 ml of the successive filtrate into a 25-ml volumetric flask, diluted the solution with 0.1 mol/l HCl to 25 ml and mixed it well to produce the adjuvant stock solution.
The spectral measurement and the selection of wavelength range
We took some volume of the SMZ, TMP and adjuvant stock solution into three 25-ml-volumetric flasks separately, diluted these solutions with 0.1 mol/l HCl to 25 ml and mixed them well to produce the SMZ, TMP and adjuvant-diluted solutions, respectively. The ultraviolet spectra of the three diluted solutions were measured with an ultraviolet spectrophotometer with the interval 0.2 nm in the range 200 -300 nm of wavelength, with the reference solution of 0.1 mol/l HCl, and their spectra are seen in Fig. 1 . It was clear in the spectrogram that the signals of the adjuvant in 235 -290 nm were almost a horizontal line and that such a spectrum could not disturb the determination of SMZ and TMP. Therefore, based on ultraviolet spectral NAS, the spectral range of 235 -290 nm for this drug preparation was selected to determine the contents of SMZ and TMP, which should eliminate the interference from the adjuvant for different manufacturers.
Spectral richly informational range and standard curve
According to Table 1 , we took some precise volumes of the SMZ and TMP stock solutions into seven 50-ml-volumetric flasks separately. We diluted these solutions with 0.1 mol/l HCl to 50 ml and mixed them well to obtain seven standard mixture solutions. They were scanned from 235 to 290 nm by using the ultraviolet spectrophotometer with the same measuring parameters as in the above section. Based on the seven spectra scanned, we established all the correlations between the absorbance and the concentration of SMZ or TMP for every wavelength, i.e. the correlation coefficient curves of SMZ and TMP to wavelength were obtained. For the NAS regression Fig. 1 The ultraviolet spectra for the three pure components. Line: 1, the adjuvant; 2, TMP; 3, SMZ.
model of TMP, the spectral range 235 -290 nm with the coefficient correlation ≥0.70 is a richly informational one. The results cause the quantitative analytical model of the TMP concentration to have better fitting ability. The SMZ analytical model with the better fitting ability needs the richly informational range of the spectra with the coefficient correlation ≥0.951, whose corresponding spectral range is 250.8 -290 nm. Therefore, the ranges 235 -290 and 250.8 -290 nm were selected as the richly informational ones to establish the regression equations of TMP and SMZ, respectively.
According to Eq. (1), we calculated the spectral NAS vectors of SMZ and TMP using the spectra of 7 standard mixture solutions separately in their corresponding selected spectral richly informational ranges. The algorithm was programmed in Matlab Ver. 6.5. We calculated the spectral NAS vector of SMZ and its Euclid-norm as follows:
1) The normalized spectral vector rn(TMP) for the TMP standard solution was obtained:
Here, rm(TMP) is the measured spectral vector in the spectral range 250.8 -290 nm of the rich information zone of SMZ for the TMP standard solution, and "norm(r)" is the Euclid-norm of vector r.
2) We calculated the spectral NAS vector rSMZ net of SMZ according to Eq. (1): R = rn(TMP)*pinv(rn(TMP)) (4.1)
Here, "pinv(r)" is the pseudo-inverse of vector r, "eye(size(R))" denoted an identity matrix with the same dimension as matrix R, and rm(sample) is the measured adsorption spectral profile of a given drug sample (i.e. a mixture sample). The rSMZ net s of the 7 standard mixture samples were calculated for the standard curve of SMZ.
3) We calculated the Euclid-norm Ens(SMZ) of the spectral NAS vector rSMZ net as:
We calculated the spectral NAS vectors rTMP net s of TMP and their Euclid-norms Ens(TMP)s of the 7 standard mixture samples using a method similar to SMZ (Eqs. (3) - (5)). Based on the Euclid-norms Ens(SMZ) and Ens(TMP), the regression equations between the component concentration and the Euclid-norm of the corresponding spectral NAS vector were established according to Eq. (2) as follows: SMZ: y = 12.835x + 0.0008 (6) TMP: y = 97.956x -0.0017
Here the variable x was the concentration of SMZ or TMP and y was the corresponding Euclid-norm of the ultraviolet spectral NAS vector. The linear ranges of SMZ and TMP were 0.48 -7.84 μg/ml (the regression correlation coefficient r = 0.9981) and 0.12 -1.5 μg/ml (r = 0.9986), respectively. It has been shown that the established method based on the ultraviolet spectral NAS has good linearity between the contents of TMP or SMZ and the Euclid-norms of the corresponding ultraviolet spectral NAS vector for the researched concentration ranges, and has good fitting ability.
Stability
We kept the SMZ and TMP standard mixture solutions at room temperature and scanned each one from 235 to 290 nm after 0.5, 1.0, 1.5 and 2.0 h by using the ultraviolet spectrophotometer. We calculated the Euclid-norms of the ultraviolet spectral NAS vectors for SMZ and TMP in their corresponding selected spectral wavelength ranges of 250.8 -290 and 235 -290 nm. Their relative standard deviations (RSDs) were 0.84 and 1.33%, respectively. The results showed that the ultraviolet spectral NAS vectors of SMZ and TMP had very good stability.
Reproducibility
We scanned continuously the standard mixture solution of SMZ and TMP five times over 235 -290 nm by using the ultraviolet spectrophotometer. We calculated the Euclid-norms of the ultraviolet spectral NAS vectors for SMZ and TMP in their corresponding selected spectral wavelength ranges; the relative standard deviations were 0.76 and 0.62%, respectively. The results showed that the NAS of ultraviolet spectra of SMZ and TMP had excellent reproducibility.
Recovery experiment
We took 5 tablets of the compound sulfamethoxazole out of the same batch of one manufacturer. We measured their total weight precisely and powdered the tablets. We weighed precisely a quantity of the sample powder (containing about SMZ 4 mg) into a 100-ml-volumetric flask, added 4.00 ml of 95% alcohol, dissolved the solution with the help of ultrasonic waves, diluted the solution with 0.1 mol/l HCl to 100 ml and mixed it well to produce the sample solution. We prepared five measured solutions with high, medium and low concentrations of SMZ and TMP by adding the stock solution of SMZ and TMP to appropriate volumes of the aforementioned sample solution ( Table 2 ). We measured the ultraviolet spectra of the five measured solutions in 235 -290 nm, calculated the contents of SMZ or TMP in each of the measured solutions according to Eq. (1) and the corresponding regression Eq. (6) or (7), and finally calculated the corresponding sample recoveries ( Table 2) . From Table 2 , it was clear that both SMZ and TMP had the satisfactory sample recovery and showed high measuring accuracy. Obviously, the sample recovery of SMZ was better than that of TMP; the reason might relate to the low content of TMP in compound sulfamethoxazole tablets.
The determination of the release degree
A circulation release system has been built; it consists of the dissolution system (i.e. a dissolution tester) and the outside circulation sampling system, which contained a peristatic pump, an on-line filtrator, and a sampling valve, which were connected by some pipes (Fig. 2) . The release samples were obtained in the sampling valve with a 1-ml-injector. When the outside circulation sampling system could normally work, the smallest volume of the outside circulation was used. Because of the very small volume and the high rotational speed of the dissolution tester, the uniformity of the sampling could be ensured; then the retaining time in the outside circulation was certainly very short. For this outside circulation sampling system, there is a delay time between the release time and the corresponding sampling one; this delay time must be a constant for each system built, and then it could be corrected for. Certainly, the delay time was very short because of the very short retaining time in the outside circulation. Therefore, this circulation release system could achieve fast and small-volume sampling, and experienced weaker disturbances for the dissolution system. Such a system fulfills the requirements for fast and accurate determination of release degree in the state of non-disturbance. We determined the release degree of the compound sulfamethoxazole tablets of batch A for one manufacturer by using the paddle method according to China Pharmacopoeia of Ver. 2005 (i.e. Appendix XC, method 2); the release conditions 13 are: the solvent, 1000 ml of 0.1 mol/l HCl; the temperature, 37 ± 0.5 C; the rotational speed, 100 rpm. The on-line sampling (about 0.7 ml of the release solution) was carried out in the sampling valve at 0.5, 1.0, 1.5, 2.0, 3.0, 5.0, 10.0, 15.0, 30.0 and 60.0 min (i.e. these times have been corrected by using the sampling delay time of the circulation release system).
We placed some volumes of the release solution sampled according to Table 3 into 10 ml volumetric flasks separately. We diluted these samples with 0.1 mol/l HCl to 10 ml, and mixed them well to obtain the 10 samples of the measuring release solution. These samples were measured in the spectral scanning range of 235 -290 nm with the interval of 0.2 nm. For the measured spectra of the ten samples, the corresponding spectral NAS vectors of SMZ and TMP were calculated according to Eq. (1) in the corresponding wavelength ranges. We calculated the concentration of SMZ and TMP and their release degrees based on Eqs. (6) and (7), respectively. Their release curves are shown in Fig. 3 . In a similar way, the release degrees of the compound sulfamethoxazole tablets of batch B were determined (Table 3) , and the release curves can be seen in Fig. 4 . In Figs. 3 and 4 , we can see that the release behavior and the release degree for the different batches are different, even from the same manufacturer, especially for the drug component SMZ. For the two effective components, the release of TMP is faster and more complete and its release property is more stable, while the release of SMZ is slower and its release property shows greater differences for different batches.
The circulation release system combined with the determination method for release degree in the acid environment could be effectively used to determine the release degree of the early time of release, especially for rapid release tablets. Results show the shorter sampling intervals (about 10 s) and the earlier sampling time (30 s) as compared with the traditional release system. It is more important that the non-disturbed determination of release degree could be carried out by using the on-line filtering, on-line sampling and small-volume sampling in this system. 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 In traditional large-volume-sampling methods (about 10 ml), some solid granules suspended in the release system may be taken out with the release solution by a sampling injector, and the release process may be continued after the sampling and before the following filtering, which will affect the accuracy of the release degree. [11] [12] [13] Therefore, the system built in this research can quickly, accurately, and non-disturbingly determine the release degree of compound sulfamethoxazole tablets.
Conclusion
This paper has reported the determination of the two effective components SMZ and TMP in compound sulfamethoxazole tablets in acid environment based on the ultraviolet spectral NAS method. The linear ranges of SMZ and TMP were 0.48 -7.84 μg/ml (r = 0.9981) and 0.12 -1.5 μg/ml (r = 0.9986), the corresponding average recoveries were 99.5 and 101.0%, and the relative standard deviations were 1.87 and 3.60%, respectively.
Based on the aforementioned method, the determination of the release degree of compound sulfamethoxazole tablets could be carried out with the help of the constructed circulation release system with the on-line filtering and small-volume sampling. It has been shown that there were obvious differences in the release behavior and in the release degree for the different batches even from the same manufacturer, especially for the drug component SMZ. For the two effective components SMZ and TMP, the faster and the more complete release and the more stable release property for TMP are available. The system built in this research achieved the fast and accurate determination of the release degree of compound sulfamethoxazole tablets in acid environment, especially the accurate determination in the early time of release, and it also made possible the non-disturbing determination of the release degree.
